Context. The blazar sequence is a scenario in which the bolometric luminosity of the blazar governs the appearance of its spectral energy distribution. The most prominent result is the significant negative correlation between the synchrotron peak frequencies and the synchrotron peak luminosities of the blazar population. Aims. Observational studies of the blazar sequence have, in general, neglected the effect of Doppler boosting. We study the dependence of both the synchrotron peak frequency and luminosity with Doppler-corrected quantities. Methods. We determine the spectral energy distributions of 135 radio-bright AGN and find the best-fit parabolic function for the distribution to quantify their synchrotron emission. The corresponding measurements of synchrotron peak luminosities and frequencies are Doppler-corrected with a new set of Doppler factors calculated from variability data. The relevant correlations for the blazar sequence are determined for these intrinsic quantities. Results. The Doppler factor depends strongly on the synchrotron peak frequency, the lower energy sources being more boosted. Applying the Doppler correction to the peak frequencies and luminosities annuls the negative correlation between the two quantities, which becomes positive. For BL Lacertae objects, the positive correlation is particularly strong. Conclusions. The blazar sequence, when defined as the anticorrelation between the peak frequency and luminosity of the synchrotron component of the spectral energy distribution, disappears when the intrinsic, Doppler-corrected values are used. It is an observational phenomenon created by variable Doppler boosting across the synchrotron peak frequency range.
Introduction
The most powerful active galactic nuclei (AGN) are active emitters at almost all frequencies and exhibit both strong flaring and typically high polarization. These sources are referred to, in general, as blazars. The source of their power is a supermassive black hole embedded in the host galaxy, which generates a massive accretion process. The bulk of the continuum radiation from these sources does not, however, originate in the nucleus, but in two jets that emerge symmetrically from the core. A tell-tale sign of the presence of jets is strong radio continuum, which is believed to be produced via synchrotron process by relativistic electrons spiralling in the magnetic field of the jet. This synchrotron radiation can be seen in the blazar spectral energy distribution (SED) as a bump at radio to X-ray frequencies in the log ν -log (νF ν ) -representation. It is followed by another bump, which is often attributed to the inverse Compton process.
The shape and position of the synchrotron SED component in the log (νF ν ) versus log ν coordinate system and the mechanisms that control its properties have been discussed for a number of years. It was first suggested by Padovani & Giommi (1995) that the peak of the synchrotron component can occur at any frequency from radio to soft X-rays, producing detectable differences in the source properties, such as broad band spectral indices. The position of the synchrotron component peak on the log ν -axis, the synchrotron peak frequency ν p , was linked to the intrinsic synchrotron peak luminosity, ν p L ν,p , by Fossati et al. (1998) and Ghisellini et al. (1998) . They proposed that there was a negative correlation between the two quantities, that is sources with their peak frequency in the radio band would be more luminous than those that had their peak in the X-ray band. This correlation would be created by decreasing intrinsic power and decreasing cooling effects, caused by external radiation field, as the synchrotron peak moves from low to high energies . The blazar luminosity sequence has been studied by many authors (e.g., Padovani et al. 2003; Caccianiga & Marchã 2004; Antón & Browne 2005 , for a concise review of the present status of the blazar sequence, see Padovani (2007) ). Lately, evidence against it has been mounting; as the number of blazars known has increased, it has been found that the previously-observed correlation does not describe the newer data sets. Ghisellini & Tavecchio (2008) attempted to explain these outliers using a revised theoretical blazar sequence, which related the SED shape to the mass of the central black hole and its accretion rate. This new scheme reduced the tightness of the correlation between the peak frequency and luminosity, allowing the presence of high-luminosity high-ν p objects, and even predicting the existence of low-power low-ν p objects. However, the negative trend between the two quantities was, in general, expected to hold. In Nieppola et al. (2006, hereafter Paper I) the synchrotron peak frequencies of more than 300 BL Lacertae objects (BL Lacs, BLOs) were determined and used to plot the ν p L ν,p versus ν p -correlation. No significant anticorrelations could be found using this extensive sample, which included many high-energy sources.
One important matter overlooked in these observational studies of the blazar sequence was the effect of Doppler boosting. When the source of the continuum radiation (i.e., the shocked plasma in the jet) is moving towards us, the observed radiation is blueshifted and enhanced significantly (Blandford & Königl 1979) . The amount of Doppler boosting depends on the viewing angle of the jet, θ, and the Lorentz factor γ. It is therefore clear that the Doppler factor D is by no means similar for all AGN, or even for all blazars, which implies that it can significantly effect the appearance of the blazar sequence. In the original blazar sequence papers Ghisellini et al. 1998 ) and in theoretical work (Ghisellini & Tavecchio 2008) , the Doppler factor was assumed to be constant irrespective of the peak frequency ν p . In this paper, we demonstrate that this assumption is inaccurate. We examine the ν p versus ν p L ν,p -correlation for a complete sample of AGN using Doppler-corrected values based on new estimates of Doppler-boosting factors (Hovatta et al. 2008, in preparation) . In this way, we are able to determine if there is any pattern in the intrinsic, true properties of the sources.
The paper is organized as follows: in Sect. 2 we present the source data that we study, and in Sect. 3 we describe the methods of acquiring the data. In Sect. 4, we present the results, and finish with a discussion and conclusions in Sects. 5 and 6, respectively. Henceforth, all luminosities are frequency dependent. For clarity, we denote luminosities simply with L instead of L ν , and use the subscript p to denote peak frequency and luminosity of the synchrotron component determined directly from the SED. Throughout this paper, we assume H 0 = 65 km s −1 Mpc −1 and Ω 0 = 1.
Sample
We study sources selected from the Metsähovi Radio Observatory source list, which meet one or both of the following criteria:
1. The source has a declination of ≥ 0 deg and the highest observed flux exceeds 1.2 Jy at 37 GHz. 2. The source has a Doppler factor determined by either Lähteenmäki & Valtaoja (1999 ) or Hovatta et al. 2008 .
Sources meeting the first criterion comprise a complete northern flux-limited radio-loud AGN sample; they constitute a large majority of the entire sample, 113 sources out of 135. The remaining sources are radio loud as well, but do not reach the flux limit of 1.2 Jy, or are southern sources. They are included because they have well sampled radio flares at 22 or 37 GHz, allowing a reliable determination of the Doppler factor from variability data. The full sample consists of 34 highly polarized quasars (HPQ), 33 quasars of low polarization (LPQ), 31 BL Lacertae objects (BLO), 26 quasars with no polarization data (QSO), 9 radio galaxies (GAL), and 2 unclassified objects. HPQs have a measured polarization of ≥ 3 % in the literature and LPQs have a polarzation of < 3 %. BLOs are included in Véron-Cetty & Véron (2000) , or defined as such in the literature. GALs are radio galaxies of varying properties, which all are non-quasars.
The full sample is listed in Table 1 . Columns (1) and (2) provide alternative names for the source and Cols. (3) and (4) indicate the right ascension and declination, respectively. Column (5) indicates whether the source belongs to the 1.2 Jy complete sample. Column (6) provides the classification of the source, our measeurement of the synchrotron peak frequency (see Sect. 3.1) is listed in Col. (7), and Col. (8) gives the redshift of the source. Finally, Col. (9) indicates the sources that belong to the blazar sample discussed in Sect. 4.2.
Methods

Spectral energy distributions
The spectral energy distributions of our selected sample were determined in a similar manner to those of Paper I. A significant quantity of multi-frequency data were collected from various sources, including the CATS database 1 of the Special Astrophysical Observatory (Verkhodanov et al. 2005 ) and the NED database 2 at IPAC. Most sources have a low-energy synchrotron peak and we were able to find a substantial amount of radio data. The majority of the high frequency radio data were acquired from Metsähovi Radio Observatory (Salonen et al. 1987; Teräsranta et al. 1992 Teräsranta et al. , 1998 Teräsranta et al. , 2004 Teräsranta et al. , 2005 Nieppola et al. 2007 , and some unpublished data). IR-data from IRAS or 2MASS catalogues, or from ISO (Padovani et al. 2006) were also available for most sources in the aforementioned databases. In addition to X-ray datapoints found in the databases, we used 1 keV monochromatic fluxes from Donato et al. (2001) .
The SEDs were plotted in log ν -log (νF ν ) parameter space and are presented in Fig. 5 (published electronically) . The synchrotron components of the SEDs were fitted by a simple parabolic function
where A, B, and C are constants. Thus, the synchrotron peak frequency is given by
With knowledge of ν p , we can calculate the peak flux density, ν p F ν,p , using Eq. 1. The peak frequencies obtained in this work are listed in Col. (7) of Table 1 . In Fig. 5 , datapoints included in the fitting are marked by filled circles and other datapoints are marked by open rectangles. For the sake of consistency, we excluded datapoints below 1 GHz from all fits. Below that frequency, the SEDs often feature an additional flattening originating from an extended component; we therefore applied a cutoff to avoid any contamination in the jet synchrotron fit. The synchrotron peak frequency could be determined for all but two sources: 1019+222 and 1845+797. These objects have peculiar spectral shapes which could not be fitted accurately using a parabolic function.
Our sample consists of radio-bright AGN, which typically have a relatively low synchrotron peak frequency. Thus, in most SED fits, we did not include the X-ray datapoints in the synchrotron component. Our decision was made based on a careful visual inspection and the X-ray spectral index when possible. In some powerful BLOs, such as 0219+428 and 1652+398, the synchrotron component extends to the X-ray domain. In the case of 0735+178, the X-ray data are also included in the synchrotron component in the interest of constraining the fit and providing a more accurate estimate of ν p . The X-ray indices of the SEDs are taken from Donato et al. (2001) . For clarity, they are plotted in the energy range 1 -10 keV and are normalized with respect to the 1 keV monochromatic flux listed in Donato et al. (2001) . There was one case, namely 0430+052, where the synchrotron peak was exceptionally well sampled, but the parabolic function did not fit the data very well. To avoid using an obviously flawed ν p , we assigned a new value using the true peak defined by the highest point of the synchrotron bump. Thus, we obtained log ν p = 13.95, instead of log ν p = 15.94 provided by the fit. The same approach was considered for 0316+413, but the two methods yielded almost identical results. In the analyses, we used the fit value log ν p = 14.40.
Doppler factors
To calculate the de-boosted, intrinsic values of ν p and ν p L p , we need to calculate the Doppler boosting factors D. These have been calculated in the past using several methods (e.g. Ghisellini et al. 1993; Güijosa & Daly 1996; Guerra & Daly 1997; Lähteenmäki & Valtaoja 1999; Jorstad et al. 2005; Wu et al. 2007) . In this work, we use the D var -values of Hovatta et al. 2008 (in preparation) , which have been determined from total flux density variability data in the same manner as in Lähteenmäki & Valtaoja (1999) . The flux curves from long-term monitoring at 22 and 37 GHz at Metsähovi Radio Observatory are decomposed into exponential flares. The exponential fit provides the necessary parameters for the calculation of the variability brightness temperature T b,var ; comparing T b,var with the equipartition value T eq then provides the amount of boosting. Both Lähteenmäki & Valtaoja (1999) and Hovatta et al. (2008) used the equipartition value of 5 × 10 10 K proposed by Readhead (1994) .
We were able to derive D var for 89 sources in our sample. The remainder of the sample had to be excluded from the study of intrinsic properties. The values of D var and a detailed explanation of their determination will be published in a future paper (Hovatta et al. 2008 ).
Results
The dependence of D var and ν p
For studies of the blazar sequence, the crucial question is whether D correlates with ν p and thus changes the shape of the redshift-corrected ν p L p versus ν p sequence, which has been considered in previous papers. We therefore checked how measurements of D var from Hovatta et al. 2008 correlate with the D-corrected ν p . The Doppler correction of peak frequency was performed using equation
where the primed symbol represents the parameter value in the source rest frame. The result is presented in Fig. 1 . The negative correlation is obvious, and the Spearman rank correlation test provides a correlation coefficient ρ = -0.698 and a probability P < 0.001 of no correlation. The correlation remains similar if we use values of ν p uncorrected for the Doppler factor. The sources with their synchrotron peak at low energies are significantly more boosted than high-ν p sources. A similar negative correlation (ρ = -0.654 and P = 0.004) can be obtained using the Doppler factors of Jorstad et al. (2005) , determined from variability data. We measured this also using the Doppler factors of Ghisellini et al. (1993) , calculated from the difference between the observed X-ray flux and one predicted by synchrotron self-Compton theory, based on the observed VLBI data. In this case, the correlation is very strong (ρ = -0.517 and P < 0.001). Therefore, we conclude that dependence is similar irrespective of the method used to calculate the D -factors, and the negative correlation between D var and ν p is robust. Figure 1 also depicts the broadness of the range of D var , stretching from close to 0 to 30. At low ν p in particular, it is crucial to have an accurate measurement of the source Doppler factor to obtain credible results of the intrinsic properties. Wu et al. (2007) determined Doppler factors derived from the relation between the observed 5 GHz core luminosity and a theoretical one, calculated from the total radio power at 408 MHz. Using log ν p -values from Paper I, they also plotted the dependence between D and ν p . Their Fig. 13 bears a striking resemblance to Fig. 1 of this work.
We examined the ν p L p versus ν p -correlation using first redshiftcorrected values and then Doppler-corrected, intrinsic values. We observe the results in Fig. 2 . In the top panel, we display the observational, z-corrected correlation, and in the bottom panel the intrinsic, D-corrected correlation. The frequency redshiftcorrection is completed using the equation
and the redshift-corrected luminosity L p,z is calculated with the equation
where d L denotes luminosity distance and F ν,p is determined from the SED. The Doppler-corrections are performed using Eq. 3 and the equation
In all equations, the subscript z represents redshift-corrected values and primed values are both redshift and Doppler-corrected. When using Eq. 6, we assumed a spectral index α = 1 according to the definition of the synchrotron peak of the SED. All equations concerning redshift-and Doppler-corrections can be found in e.g. Kembhavi & Narlikar (1999) . The blazar sequence is represented by a negative correlation between the synchrotron peak frequency ν p and peak luminosity ν p L p . When our observational, redshift-corrected correlation is considered, we find that a significant correlation is also measured for our sample. The Spearman rank correlation test measures ρ = -0.248 and P = 0.002 for the entire sample. The Spearman test results for different AGN subclasses can be seen in Table 2 : only the correlation of LPQs is found to be significant. Considering the entire sample, the trends visible in the top panel of Fig. 2 are similar to those of the blazar sequence scenario found in several previous papers.
The full sample of our study includes many sources that are not traditionally classified as blazars, although the blazar classification is not clearly defined. For consistency, we identified the bona fide blazars in our sample and measured the correlation for their data alone. We classified a source as a blazar if it is included in one of the following: i) the total blazar sample of Fossati et al. (1998) , ii) the extragalactic radio sources list of Wall & Peacock (1985) and has α 2.7-5 GHz ≤ 0.5 (S ∝ ν −α ), iii) the DXRBS Fig. 3 . The Doppler-corrected synchrotron peak luminosity vs. peak frequency correlation for bona fide blazars.
blazar sample of Perlman et al. (1998) ; or is classified as a BLO according to Table 1 . There were 65 blazars that fulfilled at least one of these criteria, and they are marked in Col. (9) of Table 1 . From Table 2 , we observe that the blazar sequence can be found in our data when observational quantities are used, because there is a significant anticorrelation between the z-corrected ν p L p and ν p for blazars alone. We list results also for the complete 1.2 Jy AGN subsample and separately for blazars belonging to the 1.2 Jy sample. For both subsets of data separately, the negative correlation is clearly significant. We note that the observational anticorrelation detected here is not in disagreement with the conclusion of Paper I, which reported a lack of correlation between ν p L p and ν p for BLOs. The range of ν p was very extended in Fig. 6 of that paper, whereas in Fig. 2 here the highest value of log ν p is 17.2. When the range of log ν p ≤ 17 alone is considered, the two figures become consistent. We note also that Paper I considered BLOs alone, and no redshift correction was applied to their data.
In the bottom panel of Fig. 2 , we observe the effect of applying the Doppler-correction to the correlation. It is evident that the correlation is altered dramatically. For the entire sample, the results of the Spearman test are ρ = 0.353 and P < 0.001, which implies that the correlation is positive. In Table 2 , it is evident that, for BLOs, there is a remarkably clear positive correlation between ν p L p and ν p . The correlations can be interpreted by comparison with Fig. 1 . The sources of low ν p are more boosted, and their luminosity is lowered more significantly by the D-correction. For the blazar sample alone (Fig. 3) , we also find a significant positive correlation (ρ = 0.366 and P = 0.003). Thus, we conclude that the blazar sequence, when defined as an anticorrelation of ν p L p and ν p , is an artefact of variable Doppler boosting across the peak frequency range.
Interestingly, the positive correlation between the Dcorrected ν p L p and ν p for BL Lac objects can explain the peculiar U-shape in the ν p L p versus ν p -correlation of Paper I (their Fig. 6 ). From Fig. 1 , we deduce that for log ν p ≥ 15, D var is probably small, and the D-correction has little effect (see also Fig. 13 of Wu et al. (2007) ). With this in mind, we considered datapoints with both log ν p ≥ 15 and a measured redshift from Paper I, and applied a z-correction to the ν p -values. We then plotted these corrected data together with the D-corrected dat- apoints for BLOs derived in this paper, producing the top panel of Fig. 4 . After combining BLO data sets this way, we are able to observe an indisputable positive correlation (ρ = 0.637 and P < 0.001). It appears that the "intrinsic BLO sequence" implies that sources with higher ν p have higher ν p L p : this is completely the opposite conclusion to that of the original scenario. A similar trend was observed in two BLOs, 1101+384 (Mrk 421) and 1652+398 (Mrk 501), during flares (Pian et al. 1998; Takahashi et al. 2000) . Their synchrotron peaks were shifted to higher frequencies by the luminosity increase triggered by the flare, in contrast to typical observations of the blazar sequence. For the case of 1652+398 in particular the shift was very pronounced. The positive correlation between peak frequency and luminosity is also in agreement with the number counts of lowenergy BLOs (LBLs) and high-energy BLOs (HBLs), which indicate that HBLs are far less numerous than LBLs. As discussed in Padovani et al. (2007) , this is difficult to understand if HBLs are intrinsically less luminous than LBLs. As a cross-check, we plotted the BLO correlation using in addition the D 2 -correction, that is the exponent 2 + α in Eq. 6 (bottom panel of Fig. 4 ). Both the content of the figure and the correlation coefficients of the combined BLO sequence changed only marginally. We also checked the D -corrected results of Table 2 using the D 2 -correction. The significance of the positive correlations for the entire sample and the low-ν p BLOs separately persists, while for HPQs, LPQs, and QSOs, P ≥ 0.05. The main result of this paper, the disappearance of the blazar sequence with Doppler-correction, is therefore unchanged.
Discussion
As described in Paper I, the parabolic SED fit can overestimate the synchrotron peak frequency. This occurs in particular when the synchrotron peak occurs at or close to X-ray frequencies, when no datapoints constrain the parabolic fit beyond the Xray domain. Here we have considered radio-bright quasars and blazars, whose peak frequencies are low; in this case, a parabolic fit is appropriate and negligible overestimation of the peak frequency occurs.
The intrinsic peak frequencies have been studied by Wu et al. (2007) , who also found a significant negative correlation between D and ν intrinsic luminosity and Doppler-corrected ν p . In our view this does not, however, correspond to a blazar sequence, which requires an anticorrelation between ν p and the luminosity at the synchrotron peak, ν p L p , rather than for any particular frequency band. The correlation between radio luminosity and ν p can be generated by the shifting of the synchrotron parabola along the log ν -axis (from low-energy synchrotron source to high-energy synchrotron source), regardless of whether a genuine blazar sequence exists. A strong positive correlation between ν p L p and ν p for BLOs (Fig. 4) was unexpected. For these sources, the cooling effects may decrease and intrinsic luminosity increase as ν p increases. However, this phenomenon may not be restricted to BLOs: similar correlations may exist for other AGN classes. Unfortunately, to our knowledge there are no sufficiently large SED data sets that would allow us to investigate their respective luminosity sequences as extensively as that of BLOs. Looking at Table 2 , we find that HPQs have a marginally significant positive intrinsic correlation, and QSOs are close to the limit. With more datapoints for high values of ν p the correlation might also be significant for QSOs. LPQs, however, appear to differ from other classes, exhibiting no intrinsic correlation at all.
Another open question is the Compton dominance of low-ν p sources. Fossati et al. (1998) and Ghisellini et al. (1998) found that as ν p decreased, the inverse Compton component became more luminous compared with its synchrotron counterpart in the SED. The accurate, observational determination of the shape and size of the Compton component for a large sample of objects would require a large amount of data from X-ray to TeV energies. Such a database is unfortunately not yet available for BLOs nor other AGN.
Conclusions
We have studied the correlation between the synchrotron peak frequency, ν p , and the synchrotron peak luminosity, ν p L p , and the way that this changes when a Doppler-correction is applied to both quantities. We have used an extensive sample of 135 radio-bright AGN, a large part of which forms a complete fluxlimited 1.2 Jy northern AGN sample. Our conclusions are as follows:
1. There is a clear negative correlation between the Doppler factor, D, and ν p , independent of the method for calculating D. This correlation has been tested using Doppler factors calculated from variability data, core versus extended flux, and synchrotron self-Compton flux. Typically, for sources with log ν p ≥ 15, D is small, while low-ν p sources may have values of D as high as 30 and thus be significantly boosted by comparison. 2. The negative correlation between ν p L p and ν p at low ν p , known as the blazar sequence, is not present when the intrinsic, Doppler-corrected values are used. Instead, the correlation becomes positive. This is true for the entire AGN sample and a subsample of bona fide blazars. The blazar sequence is an artefact of variable Doppler boosting across the peak frequency range. 3. For BLOs in particular, there appears to be a strong intrinsic positive correlation between ν p L p and ν p . This correlation is further strengthened when the BLO sample in this work is combined with the BLO sample of Nieppola et al. (2006) . The positive correlation is also in accordance with number counts of LBLs and HBLs. 
